INTRODUCTION
Ester Dome, located along the western margin of the city of Fairbanks, Alaska ( fig. 1) , is known to contain ground waters with high dissolved arsenic concentrations. For example, in the early 1970's arsenic concentrations in excess of 1 milligram per liter (mg/L) were reported (Harrington and others, 1978) . These initial findings led to investigations by researchers from the University of Alaska, Fairbanks and the U. S. Geological Survey on the distribution of arsenic in ground water in the Fairbanks area (for example Johnson and others, 1978; Hawkins and others, 1982; McCrum, 1985) . In addition, the Center for Disease Control undertook an epidemiological evaluation of 147 people in the Ester Dome area to investigate the potential health effects related to elevated arsenic concentrations in domestic wells (Harrington and others, 1978) .
Process-related studies by U. S. Geological Survey scientists are underway to further delineate the distribution of arsenic in ground water in the Fairbanks area and to assess the factors controlling variations in dissolved arsenic concentrations (Farmer and others, 1998; Mueller and others, 2001; Verplanck and others, 2001; Mueller, 2002 ). An understanding of arsenic distribution and mobility is important for land use decision-making. The initial phase of this work was a reconnaissance of the Fairbanks area, and this study is a more detailed investigation of an area of major concern within that study area, with the analytical results reported here. Spatial and temporal variability of major, minor, and trace constituents in ground and surface waters in the Ester Dome were determined by sampling both domestic and monitoring wells. Homes on Ester Dome area have individual wells with depths of approximately 25 to 120 m. In addition, monitoring wells have been drilled within and adjacent to Ryan Lode, a gold-bearing quartz vein deposit with excavations along mineralized fractures.
This was a collaboration between the U. S. Geological Survey and Water and Environmental Research Center at the University of Alaska Fairbanks that includes a Master of Science thesis to evaluate the ground-water flow system of Ester Dome (Youcha, 2003) . Ground-water levels were monitored at fifty sites (including all well sites sampled during this study) on Ester Dome for two years to evaluate temporal and spatial fluctuations. A ground-water flow model was developed to aid in the understanding of these geohydrologic processes.
Purpose and Scope
The purpose of this report is to present water-chemistry data including field parameters, major, minor, and trace constituents for water samples collected between November, 2000 and October, 2001 on and near Ester Dome, Alaska (table 1, fig. 2 ). Analytical results are reported for 139 water samples from 33 sites. Quality-assurance data associated with these water-chemistry data are presented. valleys, where the loess can contain organic-rich layers and peat lenses as thick as 3 m (Pewe, 1958; Preece and others, 1999.) Coarse river gravels, interbedded with finer fan gravels, overly the bedrock beneath the loess valley areas. Some of the coarse gravel has been mined for placer gold. Auriferous vein deposits formed contemporaneously with the 90 Ma intrusions and are hosted either by the granitic rocks themselves (Ft. Knox) or along contacts between the granites and schist (Ryan Lode on Ester Dome), or strictly within the schist (Hi-Yu lode mine; Metz, 1991) . Where hosted by granitic rocks, the veins are typically very low in sulfide minerals (less than 1 volume percent), but often show enrichment in bismuthtellurium-tungsten (McCoy and others, 1997) . However, within veins hosted in the schist, the sulfide mineral abundances are higher, typically with 2-3 volume percent arsenopyrite, stibnite, and pyrite (Newberry and Bundtzen, 1996; McCoy and others, 1997) . Vein alteration minerals include albite, sericite (white mica), ± ankerite ± carbonaceous material. The sulfide minerals are also commonly formed in these altered rocks. More distal, wallrock alteration is characterized by chloritized biotite and hornblende (McCoy and others, 1997) . Scorodite is often present as a weathering phase of arsenopyrite, mainly found as vein coatings, fracture fills, and breccia cement (Metz, 1991; LeLacheur, 1991) .
METHODS OF STUDY

Water-Chemistry Sampling
Water-chemistry samples were collected seasonally from water wells during 2000 and 2001, and a few surface water samples were collected during July, 2001 . Sampling sites were selected to provide spatial coverage of the study area ( fig. 2) . No sites were located on the north side of Ester Dome because of the paucity of wells. Five sampling trips (November, 2000 , February, 2001 , May, 2001 , July, 2001 , and September, 2001 ) were made to evaluate temporal variations. Two types of wells, monitoring and domestic wells, were sampled. The monitoring wells are located on or adjacent to Ryan Lode, a lode gold deposit that has been mined, both underground and with open cuts, sporadically since 1912 with the greatest production occurring between 1985 and 1989. Before sampling, monitoring wells were purged of three well volumes, and pH, specific conductance and temperature were monitored after each well volume. The static water level was measured before and after pumping. Domestic wells were sampled using a PVC hose connected to the pressure tank intake. Initially, water was allowed to discharge until the pump turned on. As the water continued to discharge, specific conductance and water temperature were monitored until they were stable, usually at a water temperature between 3 and 4 o C. Two monitoring wells (MW33 and MW 53) are domestic wells for homes adjacent to the Ryan Lode deposit, and the domestic well sampling procedure was followed at these sites.
On-site measurements of pH, specific conductance, and temperature were obtained. At each site the pH electrode was calibrated using two buffers that bracketed the measured pH and were thermally equilibrated with the water sample. At selected sites, dissolved oxygen concentration and Eh were measured. Water-chemistry samples consisted of an unfiltered, unacidified sample for oxygen isotopic compositions, an unfiltered, acidified sample preserved with nitric acid for total recoverable cations, two filtered, unacidified samples for 1) anion determinations and alkalinity, and 2) sulfur isotopic determinations, a filtered, acidified sample preserved with nitric acid for dissolved cation determinations, and two filtered samples, acidified with hydrochloric acid, for arsenic and iron redox determinations. Samples were filtered on site using 0.45 µm pore size capsule filters. In addition, during the July sampling, at selected sites, an additional cation sample was collected and filtered using a tangential-flow filtration apparatus, which was equipped with a 10,000 daltons filter membrane, equivalent to ~0.005 µm pore size (Alpers and others, 2000) . The purpose of these samples was to determine if the routine filtration with 0.45 µm filter membrane size adequately removed colloidal material in these samples.
Water-Chemistry Analyses
All reagents were of a purity at least equal to the reagent-grade standards of the American Chemical Society. Double-distilled de-ionized water, and re-distilled acids using a sub-boiling purification technique (Kuehner and others, 1972) , were used in all preparations. The methods used and the detection limit for each analysis are summarized in table 2. For inductively-coupled plasma atomic-emission spectroscopy (ICP-AES) and inductively-coupled plasma mass spectrometry (ICP-MS), USGS standard reference water samples and blanks were included with each sample suite. Major cations (calcium, magnesium, potassium, and sodium) and silica for total recoverable and dissolved samples were determined using a Perkin Elmer Optima 3000™ ICP-AES (Briggs, 2002) .
Minor and trace elements (aluminum, arsenic, barium, beryllium, bismuth, boron, cadmium, cesium, chromium, cobalt, copper, lead, lithium, manganese, molybdenum, nickel, rare earth elements, rhenium, selenium, strontium, tellurium, thorium, uranium, vanadium, yttrium, and zinc) for total recoverable and dissolved samples were analyzed with the ICP-MS using a method developed by the U.S. Geological Survey (Meier and others, 1994; Lamothe and others, 2002) . This method is used to directly determine the elements in the water samples without need for any pre-concentration or dilution. Elemental detection limits are in the sub-parts per billion range (table 2) , and the working linear range is six or more orders of magnitude.
Concentrations of major anions (chloride, fluoride, nitrate, and sulfate) were determined by ion chromatography (Brinton and others, 1995) using a Dionex 2010i™ ion chromatograph with 10-µL and 50-µL sample loops. Standards were prepared from compounds of the highest commercially available purity. U.S. Geological Survey standard reference water samples were used as independent quality control standards. Alkalinity (as HCO 3 -) was determined using an Orion 960™ autotitrator and standardized H 2 SO 4 (Barringer and Johnsson, 1989) . Samples were diluted as necessary to bring the analyte concentration within the optimal range of the method. Dissolved organic carbon (DOC) concentrations (Table 3) were determined by the wet persulfate oxidation method (Aiken, 1992) .
Iron (II) redox species and total iron, in filtered, HCl acidified samples, were determined using a modification of the FerroZine™ colorimetric method (Stookey, 1970; To and others, 1999 ) with a Hewlett Packard 8453™ diode array UV/VIS spectrophotometer. After filtration and preservation, samples for As (III) species determination were kept refrigerated and in the dark prior to analysis. Arsenic III species were determined by ICP-MS after ion exchange separation of the inorganic As III species using SAX (Strong Ion Exchange Resin) and elution with malonate/acetate buffer solution at pH 4.7. The oxygen and sulfur isotopic compositions of a subset of samples were determined (table 4) . For oxygen analyses, one microliter of each sample was pipetted into a glass vial, and then the sample and vial were put into a glove bag and atmospheric oxygen was flushed using CO 2 . Tops with rubber septa were screwed on to the vials. The samples were allowed to equilibrate with the CO 2 gas for 10 hours. Oxygen isotopic compositions were determined using a Micromass Optima, with an on-line equilibration method similar to the off-line method described by Epstein and Mayeda (1953) . For the sulfur isotopic analyses, the sulfate ion was removed from the samples using the barium sulfate precipitation method. Sulfur isotopic analyses are done by combustion using continuous flow methods described by Giesemann et al. (1994) , with a Carlo Erba NC2500 elemental analyzer coupled to either a Micromass Optima or a Finnigan Delta Plus XL mass spectrometer.
QUALITY ASSURANCE
Quality-control included replicate samples, field equipment blanks, analyses by alternative methods, and calculation of charge imbalance. Replicate samples are two samples that are considered to be essentially identical in composition and were used to estimate variability in environmental data. These samples were collected immediately following the water-chemistry sample and were pumped from the same collection vessel. Each replicate sample is processed through all the steps of the routine water-chemistry sample using a new filter and clean equipment. Replicate samples were analyzed at the same time and using the same instruments as the other samples collected during the same sampling trip. Analytical results of replicate samples are included in table 5, and follow the corresponding water sampled (labeled as duplicate). Most major, minor, and trace element replicate concentrations are within ±10 percent of the corresponding water-chemistry sample. A field equipment blank is a sample prepared using blank (deionized) water that has passed through all the sampling and processing equipment. This type of sample is used to check for the potential contamination of the water-chemistry samples during collection, processing, handling, and analysis. Analytical results are presented in table 6. Most analytes were below analytical detection limits.
Concentrations of cations were determined by ICP-AES and ICP-MS, and if concentrations of trace elements were at least three times the detection limit, good agreement between ICP-AES and ICP-MS results was observed ( fig. 3) . Barium, manganese, and strontium were chosen for this comparison because the range in concentrations of these elements was within the working range of both analytical techniques.
Data for all samples with complete analyses were checked using the computer program WATEQ4F (Ball and Nordstrom, 1991) for charge imbalance (C.I.), using the following calculation:
where sum cations is the sum of the cations in milliequivalents per liter and sum anions is the sum of the anions in milliequivalents per liter. Note that the results of this calculation are twice the value typically reported by an analytical laboratory because the denominator of the equation is the average of the cations and anions rather than the sum of the ions.
The percent charge imbalance reflects how well the major anions and cations balance and usually is an independent measure of the accuracy of the analytical techniques. The percent charge imbalance was low (<10%) for most samples (table 5) . Some dilute waters samples had charge imbalances that were greater because of analytical imprecisions when determining concentrations at or near the detection limits.
CHEMICAL DATA
Chemical results were compiled and are presented in table 5. These circumneutral, Ca-HCO 3 -dominated waters had a range of filtered As concentrations from less than 3 to 1160 micrograms per liter. One well (EDP021), located at the top of the dome, exhibits the greatest temporal variability in filtered As concentration (44.6 to 387 µg/L), which correlated inversely to the static water level. Spatially, dissolved As concentrations are also quite variable, with wells located a few hundred meters apart having < 3 and 390 µg/L. Although redox chemistry and elemental ratios suggest that a number of processes likely affect the dissolved As concentrations, proximity to mineralized shear zones appears to be the primary control on As concentrations in the ground water (Verplanck and others, 2001) . 
Tb (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)
11/12/00 
